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-- were deployed to optimize placement of the water table wells and to collect information on the \>. subsurface hydrogeolo~. Soil gas samples were collected at three locations using the Bruel and" Kjaer; groundwater samples were collected (two locations) using the hydrocone method and analyzed for volatile organic compounds (VOCs);*piimarily trichloroethylene (TCE) and ':
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perchloroethylene (PCE). Soil samples were collected from the one soil boring at 10-foot intervals beginning at the surface to the target depth of 290 feet below surfac~the soil headspace was analyzed for VOC contamination. Bulk samples (3 -5 cm3) were collected and analyzed for TCE and PCE. Analyses were conducted by the Savannah River Technology Center (SRTC) -Environmental Sciences Section (ESS). A total of 37 samples were selected for analysis, with ,, VOC concentrations ranging from <0.001 pg/g to 0.543 pg/g. Approximately 68% of the samples were below detection for both compounds. Maximum TCE and PCE sediment concentrations (0.5443 and 0.074 pg/g, respectively) were-detected in AMB-SB 1. These sediment concentrations are equivalent to estimated water concentrations of 2940 and 390 ppb, respectively.
Core AMB-SB1 generally showed detectable VOCS over a 20 to 60 foot interval (e.g., 22-152 foot; 212-232 foot; and 262-272 foot intervals). Based on examination of the field geologic " descriptions, depths greater than 150 feet represent water bearing zones between or just -
WSRC-RP-95-1553 Summary of Phase I Characterization ., above/below fine grain sediments (aquitards); the higher sediment concentrations appear to be retarded or "trapped" to some degree by the underlying finer-grained clayey or silty layers.
Depths shallower than 150-feet represent the unsaturated (vadose) zone. Fine &ain sedime~s (i.e., clays and silts) occur as discrete intervals and as minor components of sandier beds. These fine grain sediments act to retard the vertical and lateral migration of chlorinated solvents.
Estimated water concentration results were combined with monitor well data (2nd quarter 1994)
to generate cross-sectional plume maps for the Metallurgical Laboratory HWMF. A comparison between the various data groups indicate a general agreement with regard to level of TCE and PCE contamination.
As the result of past surface disposal practices, a plume consisting primarily of-T~E and PCE exists in the uppermost aquifer within the Metallurgical Laboratory HWMF. The contaminants TCE and PCE have moved within and through the vadose zone into the aquifer zones which comprise the uppermost aquifer. These include, in descending order, the M Area, Lost Lake, and middle sand aquifer zones. Historically, groundwater from the uppermost aquifer has not been used onsite for process or domestic use. The groundwater contamination is onsite and flows southerly (excluding the M Area aquifer zone which is recognized as hi-directional to radial flow) direction, away from the nearest Savannah I&er Site (SRS) boundary. As a result, the " potential for human health impact and exposure is minimal because the contamination is confined to the subsurface and is within the SRS boun&@. " '-..
Overall, the results of this investigation corroborate earlier studies which suggest that the primary source of TCE and PCE contamination in the aquifers underlying the Metallurgical Laboratory HWMF is from the SRTC complex. Distribution of the VOC concentrations suggest that the contaminants are primarily moving above the surface of lower permeability zones within the M Area (water table) , Lost Lake, and-middle sand aquifer zones.
.'-.
A characterization program has been developed which includes a phased approach toward data collection. Currently, the first phase (conducted in 1994 as part of the A/M Area Phase X Drilling Project: Met Lab Characterization Phase I) has been completed; additional characterization has been identified and will be conducted as a Phase II during 1995. Phase II will include the use of proven investigative methods, such as soil headspace analyses and cone penetrometer testing. (Fallaw, 1991) . The contact between clay and clayey sand of the Lang Sync Formation and the underlying clay bed that caps the Cretaceus Steel Creek Formation is gradational and indistinct.
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The top of the Lang Sync Formation ranges from 120 to 150 feet above mslti-and varies in thickness from 20 to 100 feet across the A/M Area due to erosional truncation of the sediments at the "Lang Syne-Fishburne/Congaree" contact.
In the A/M Area, the Lang Sync Formation is represented by two facies. The one facies consists of dark gray to black, poorly sorted, fine to coarse grained, clayey, silty quartz sand and dark, kaolinitic clay and clayey silt. Muscovite, feldspar, iron sulfide, and lignite are common, and induration is slight to moderate. This facies is similm-to the type Lang Syne (formerly Ellenton Formation) near the center of the SRS (Siple, 1967) . The sand and clay of the other facies are light colored (tan), and generally lack the sulfide a&?%griite "observed in the dark sediments. . In this area of SRS, the two aquifer systems combine to form the single, larger Floridan-Midville Aquifer System. This is due to the thin and sporadic character of the clay and silty clay beds correlative with the Meyers Branch Confining System and the Allendale Confining Unit. The reader is referred to Aadland et al. (1992) and Lewis and Aadland (1994) for the most recent description in A/M-Area hydrogeology.
In A./M Area, the Florida-Midville Aquifer System is divided into three aquifer units from base Steed Pond Aquifer is divided into the "middle sand" and "Lost Lake" aquifer zone, and the "M-Area" aquifer zone by the upper clay confining zone and the "green clay" confining zone, (" respectively. These are equivalent to the Gordon Aquifer, the Upper Three Runs Aquifer, and ,>+ the Gordon Confining Unit, respectively. The water table is typically jocated in the "M-Area" aquifer zone (Aadkmd et al., 1992) . $+F. . .. # .
For the purpose of this study, a discussion of the hydrogeology is restricted to sediments comprising the Crouch Branch Confining Unit and overlying aquifers/confining units.
The Crouch Branch Confining Unit which overlies the Crouch Branch Aquifer, is locally variable and discontinuous. The confining unit ranges in thickness from 18 to 102 feet across A/M Area. The Crouch Branch Confining Unit, from the base to the top of the unit, includes the following hydrostratigraphic sequence:
"lower clay" confining zone; "upper clay" confining zone; and "middle sand" aquifer zone
The "lower clay" confining zone is, for the most part, the most competent and continuous of the three zones. The "lower clay" confining zone thins to the north and the southwest to a point where the Steed Pond Aquifer and Crouch Branch Aquifer coalesce to form a single aquifer
A/M-Area Metallurgical Laboratory WSRC-RP-95-1553 Summary of Phase I Characterizations ystem. Across the A/M Area the "lower clay" confting zone ranges in thickness from 2 to 50 feet. The "middle sand" aquifer zone, coalesces with permeable sediments to the north to form the Steed Pond Aquifer. The discontinuous nature of the '-'middlesand" aquifer zone is due tt he absence of the overlying "upper clay" confining zone. The "middle sand" aquifer zone ranges from 15 to 70 feet. Groundwater flow in the "middle sand" aquifer is to the southwest.
The "upper clay" confining zone of the Crouch Branch Confining Unit is discontinuous in the northern portion of the A/M Area, with a variable thickness from Oto 15 feet.
The "Lost Lake" aquifer zone of the Steed Pond Aquifer is discontinuous to the north of the A/M Area and also within a zone located in the south-central portion of the A./M Area. Where present, the thickness of the "Lost Lake" aquifer zone varies from 46 to 83 feet. A middle confining clay layer is located midway in the "Lost Lake" aquifer zone separating the aquifer --.. zone into upper and lower aquifer zones. Groundwater flow direction in the upper "Lost Lake" aquifer is generally in the southwesterly direction for the south and west portions of A/M Area.
Groundwater flow in the lower "Lost Lake" aquifer zone is to the south-southwest Within the Steed Pond Aquifer and overlying the "Lost Lake" aquifer zone is the "green clay" { confining zone. The confining zone separates the "Lost Lake" aquifer zone from the overlying "M-Area" aquifer zone. North of the A/M Area, wh~re the confining zone thins and becomes absent, the "Lost Lake" aquifer zone and the "M-Area" aquifer zone coalesce into the Steed Pond
Aquifer. The thickness of the "green clay" confinifigzone ranges from 2 to 28 feet. The thickness of the confining zone may include sand layers.
The "M-Area" aquifer zone is the uppermost aquifer zone within the Steed aquifer zone is a water table aquifer unit that is laterally discontinuous to pinching out of the "green clay" confining zone. Where the confining Pond Aquifer. This the north due to the zone is absent, the "M-Area" aquifer zone coalesces with permeable sediments in the northern portion of the A/M Area, forming the water table portion of the Steed Pond Aquifer. Where present, the "M-Area" aquifer zone ranges in thickness from 37 to 180 feet.
Met Lab Phase I monitor wells and soil borings were installed in the M Area, Lost Lake, and middle sand aquifer zones of the Steed Pond Aquifer. This assessment included the drilling of soil corings for geotechnical and soil headspace analysis.
4.1
Monitor Well Installation
A total of seven additional monitor wells were installed in the vicinity of the Met Lab HWMF.
Two wells (AMB-17A and 18A) were screened in the middle sand aquifer zone of the Crouch Branch confining unit; two wells (AMB-18C and 19C) were screened in the upper part of the Lost Lake aquifer zone; and three wells (AMB-14D, 15D, and 16D) were screened across the M-Area aquifer zone (water table) . Mud rotary drilling methods were deployed to install the monitor wells. A summary of the monitor well construction details is presented in Table 1; complete well installation details are presented in Appendix A. (Table 2) .
Discrete sediment samples for analysis of VOCS were collected during the drilling activities.
Sediment samples for headspace analysis of VOCS were collected in 10-foot intervals from the surface to a depth of 290 feet from one corehole by SRTC Environmental Sciences Section ,.
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Soil Core Laboratory Analysis for Volatile Organic Compounds (VOCS)
Bulk samples (3 -5 cm3) were collected and analyzed for chlorinated VOCS by SRTC-ESS. The samples were analyzed using a static headspace method originally developed to support SRS groundwater VOC remediation activities. A detailed description of the SRTC-ESS method is bprovided in Looney et al., 1993. Laboratory Results ,*ym .
The data for each sample location are summarized in Table 2 .
selected for analysis.
The primary analyses were for TCE (trichloroethylene) and VOC concentrations range from below detection (<0.00~g/g) % (10 samples) of the samples were below detection for both
A total of 37 sample points were PCE (tetrachloroethylene Based on examination of the field geologic descriptions, these sample depths containing VOCS represent unsaturated and water bearing zones between or just above/below fine grain sediments.
All of the above findings and observations are discussed below in more detail. \ Estimated groundwater TCE and PCE concentrations are also obtained from the soil headspace data. An apparent relationship exists between depth discrete bulk sediment and groundwater concentrations at the sample depth, as indicated by previous studies in the A/M Area &ooney et al. , 1993) . Essentially, the groundwater concentration (pg/L) is 2000 to 5000 times the bulk sediment concentration (~g/g) (Looney et al., 1993) . For the purposes of this report, the higher value was utilized. That is, the bulk sediment concentrations (pg/g) were multiplied by 5000 to obtain the most conservative estimated groundwater values (reported in pg/L). for an increase in concentration in the coarser-grained sandy material.
AMB-SB1
This boring was sampled at ten-foot intervals from the depths of 12 to 282 feet below the "" is observed. Correspondingly, a decrease in TCE and PCE concentrations (0.017 and 0.006 pg/g, respectively) occurs ihunediately below this lithological change. Both TCE and PCE levels (0.035 and 0.012 pg/g, respectively) increase again from a depth of 117 to 127 feet. This is associated with a Iithological change towards "fine to medium sands with 10 to 15% clay content. Contaminant levels (0.004 and 0.001 pg/g, respectively) decrease again at the 132 foot .--. interval; however, this trend does not appear'associated with a change in lithology. Lithologically, the sediments comprising this interval include fine grain sands with a minor (<10%) amount of clay, which are similar to the over-and underlying intervals. 
Cone Penetrometer Testing
Six cone penetrometer testings (CPT) ,*.m~. ..
were initiated within the vicinity of the Met Lab HWMF.. The purpose of the testings was to provide a screening tool for optimal placement of the three .
water table plume definition wells. Information collected during the testings included geotechnical (tip resistance, sleeve friction, pore pressure, and electrical resistivity) and sampling for soil vapor and groundwater.
-.-.
Data obtained from this study was used to generate the cross-sectional hydrostratigraphic and isoconcentration plume maps. Below is a brief discussion of the field methods, including the geotechnical testing and sampling.
Field Methods:
A 24-ton truck hydraulic mounted cone penetrometer system was used to conduct the CPT testings. Tip resistance, sleeve friction, pore pressure, and electrical resistivity are independently measured through sensors built into a probe which is attached to a series of hollow carbon steel rods (-3 foot lengths; 1.7 inch diameter) that are hydraulically pushed into the subsurface against the weight of the truck. Data is collected every inch and t.r'tisrriitted via an electric cable strung through the rods to a data acquisition system (computer) located inside the truck. As a result, real-time is generated and displayed as it is being collected. This allows for rapid interpretation of the data and timely field adjustments, if required.
In addition to the geotechnical measurements, soil vapor and groundwater samples were collected at selected locations. A teflon bellows vacuum pump was used in combination with the Bruel and Kjaer unit and SRS-SRTC patented Cone Sipper sampling tool for soil vapor readings.
Sampling was conducted at one location (MLCP4) suspected of vadose contamination based on facility history. .--.
Groundwater samples were obtained at discrete depths using an SRS developed Cone-Sipper continuous sampler and a Fugro, Inc. hydrocone samplerhiler system. The Cone-Sipper is a gas-lift pump incorporating a miniature electronic solenoid valve that is installed in a cone penetrometer tip. The pump allows sampling of gas and liquid at multiple depths without exiting and recentering the hole. The sample instrument is attached to the cone rods and advanced to a desired depth. Upon reaching the target depth, the s~lenoid valve is opened and a vacuum is applied to the system to collect a sample in the tubing. After allowing sufficient time for sample collection, the solenoid valve is closed and the vacuurf?fi disengaged. Nitrogen gas pressure is applied to the vacuum tubing in order to force the sample through the system and out the sample tubing. Once the sample has been purged and collected-into a sample container, the solenoid valve can be reclosed and additional samples can be collected at that depth or the sampler can be advanced to a different depth for sample collection.
The Fugro, Inc. groundwater samplerhiler system is comprised of a stainless-steel sampler body with a sacrificial conical tip. The sampler body and sacrificial tip are assembled, attached to the cone rods, and advanced to the target sampling depth. Upon reaching the sampling depth, the cone rods and attached sampler are retracted approximately 18 inches, leaving the sacrificial tip in place, and the sampler is allowed to fill by inflow from the aquifer. After sufficient volume has collected in the sample chamber, the sample is collected using a stainless-steel sampling bailer. All groundwater samples were transported to an on-site laboratory for analysis. Two analytical methods were used to quantify VOC concentrations in aqueous-phase samples (gas chromatography and direct sampling ion trap mass spectrometry).
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In addition to the subsurface samples, quality control samples were also taken; Table 3 presents the depth and analysis for each sample taken (excluding field and trip blanks).
Each groundwater sample was analyzed for Volatile Organic Compounds (VOCS).
. . . \
Discussion
Information collected from the cone penetrometer testings and soil boring, in combination with existing monitor well data (2nd quarter 1994) was utilized to construct isoconcentration contaminant plume maps (cross-sectional view) to depict TCE and PCE concentration in the Metallurgical Laboratory HWMF.
The water quality data obtained from the soil boring is by nature not the same as that produced from monitor wells. Monitor wells will, by virtue of the way the sample is collected, exhibit an .. -average of the water quality data over the interval where the upper and lower sand pack and screen zone are located in the well bore. This results in a water sample that is representative of 5 to 20 feet of vertical extent. In contrast, the headspace data acquired from soil boring sampling is derived from depth-discrete intervals within the subsurface and are contoured as such. In addition, the soil boring water quality data represents an estimate of the contaminants derived from physical core samples. The comparison is made that estimates from the soil borings would
represent an average over a specific interval in the well boring.
As 
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' Future Studies
As part of the on-going corrective action program in the A/M-Area, SRS has obtained (through Phase I effor@) additional hydrogeologic and groundwater quality information necessary for definition of the vertical and lateral extent of solvent contamination in the vicinity of the Metallurgical Laboratory. This work tiso satisfies a regulatory commitment to SCDHEC to install monitor wells downgradient of the M Area, Lost Lake, and middle sand aquifer zones. To date, plans have been formulated for a.second phase of characterization which will focus on the vadose zone within the vicinity of Building 723-A. This study will utilize proven investigative 321-M and storage solvent areas, and SRTC laboratories.
Distribution of the VOC concentrations suggest that the contaminants are primarily moving above the surface of lower permeability zones within the M Area (water table) and Lost-Lake aquifer zones. Howevq, VOC contamination is also present within the middle sand aquifer zone. This suggests that contamination is either moving vertically within the source area andlor is moving laterally in each of these aquifer zones from sources upgradient of the Metallurgical Laboratory HWMF.
Based on historical use of chlorinated waste products in the A/M Area, contamination in the middle sand aquifer zone underneath the Met lab HWMF is due to lateral migration from an upgradient source (most likely the SRTC laboratories). 
